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Integrated Photonic Circuits with Vertical Connections 



Field of the Invention 
[00001] The present invention relates to photonic circuits, and in particular, 
5 integrated photonic circuits with optical connections between vertically disposed layers 
of circuits. 



Background of the Invention 
[00002] Photonic circuitry is often etched onto integrated circuits that are used in 

10 communication networks. The waveguides and other components of such circuits 
transmit and modify optical data pulses. Unlike communication networks that use 
conventional conductors and the transmission of electrical pulses that can navigate the 
turns and bends of the conductor, optical pulses in a waveguide cannot make such tight 
turns and bends without unacceptable losses via attenuation and escape. Because of this 

15 inability of optical pulses to make tight turns and bends in a waveguide, it is problematic 
to design and manufacture photonic multi-layer integrated circuits. While it has been 
postulated that micro-mirrors be used to change the direction of a light path in a photonic 
circuit, the use of mirrors in integrated circuits poses several manufacturing and 
application problems. 

20 

[00003] Photonic circuitry and communication networks would benefit if optical 
pulses could be routed in directions that would allow multiple vertically disposed layers 
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of integrated circuitry to be reliably connected. Such connections would require bends in 
the path of the light pulses, which cannot take place unaided in a typical waveguide. 

5 Summary of the Invention 

[00004] The present invention is an integrated photonic circuit that has vertical 
connections between waveguides on separate vertically disposed planes of the circuit. 
The circuit consists of a first waveguide etched onto a substrate. Positioned on top of the 
waveguide and substrate is a cladding layer. Holes are patterned onto the cladding layer 

10 that are slightly offset from the underlying waveguides on the substrate, and nitrogen is 
implanted into the holes in one or more doses. The circuit is subsequently annealed to 
form a connecting waveguide implanted in the cladding layer that connects the 
underlying waveguide with the surface of the cladding layer. During the ion implantation 
the supporting substrate is tilted at an angle to provide an angled implant of nitrogen ions. 

1 5 Another waveguide can then be placed onto the cladding layer, and the angled implant 
channel will connect the underlying waveguide with the waveguide on the cladding 
surface. Because of the angled nature of the implanted connection, optic pulses can 
travel from the underlying circuitry, into and through the implanted area, and into the 
waveguide circuitry on the surface of the cladding. The implant cause a change in the 

2 0 refractive index of the cladding layer to match that of the waveguide to provide a travel 
for light. 
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[00005] It is therefore an object of a preferred embodiment of the present invention 
to optically connect vertically disposed photonic circuits in an integrated circuit. 

Brief Description of the Drawings 
5 [00006] Figure 1 is cross-sectional view of an integrated photonic circuit of the 
present invention. 

[00007] Figure 2 is a second cross-sectional view of an integrated photonic circuit 
of the present invention and illustrates the manufacture of the circuit. 

10 

Detailed Description of the Invention 
[00008] The present invention is an integrated photonic circuit that uses an angled 
implantation through a patterned photoresist layer to alter the refractive index of a 
cladding medium of the integrated circuit and allows connection between different layers, 
15 positioned one on top of another, of the integrated circuit. 

[00009] An integrated photonic circuit 10 of the present invention having a vertical 
connection between vertically displaced waveguides is illustrated in Figure 1. Photonic 
circuitry 15 is etched and patterned onto a substrate 20 utilizing well known 
2 0 microphotonic processing and fabrication techniques. A cladding layer 25 is positioned 
on top of the photonic circuitry 15 and substrate 20. A second layer of photonic circuitry 
30 is put down on the cladding layer 25. The second photonic layer 30 is positioned so 
that it is slightly offset from the photonic circuitry 15 below it. An angled implantation 
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35 connects circuitry 15 with circuitry 30. In a preferred embodiment, the angle formed 
by the implantation 35 and the substrate 20 is approximately 50 degrees or less. 

[00010] The integrated photonic circuit 10 of the present invention as illustrated in 
5 Figure 1 can be manufactured by the following steps. An ordinary photonic device 10 
whose circuitry 15 is integrated on a substrate 20 is made by patterning SiON onto 
substrate 20 using well known microphotonic manufacturing techniques. This patterning 
forms underlying photonic waveguide circuitry 15. In one embodiment, the substrate 
layer is an oxide. SiON imparts to the circuitry 15 a refractive index of around 1.6. In 
10 the embodiment in which the substrate 20 is an oxide, the refractive index of the substrate 
20 is about 1.44. 

[00011] A cladding layer 25, which like the substrate 20 can be an oxide, is 
deposited on top of the photonic circuitry 15. By using an oxide, the cladding layer 25 
15 has a refractive index that is sufficiently different from the circuitry 15 so that the 

cladding 25 does not interfere with the underlying circuitry 15. The cladding 25 is coated 
with photoresist 40 and patterned with holes 45 that are slightly offset from the 
waveguides of the circuitry 15 below. See Figure 2. 

2 0 [00012] After laying down the photoresist layer 40 and patterning with the offset 
holes 45, the photoresist 40 is developed and annealed for ion implantation. Nitrogen 
ions are implanted into the holes 45 at a relatively shallow angle of about 50 degrees or 
less. In a preferred embodiment, the nitrogen implant can be a series of differing doses 
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and energies to get a uniform distribution of nitrogen dopant through the cladding layer 
25. The implant is activated through subsequent annealing, and a SiON channel 35 is 
formed from the surface of cladding layer 25 to the underlying SiON waveguide 15. 
Because the patterning of holes 45 in the cladding layer 25 is slightly offset from the 
5 underlying waveguides 15, the resulting implant 35 is an angled channel in relation to the 
cladding layer 25. 

[00013] The angled implantation step changes the refractive index of the cladding 
layer 25, at the point of the offset holes 45, to equal that of the underlying photonic 

10 waveguide 15, and physically and optically connects the surface of the cladding layer 25 
to the underlying waveguide 15. At this point another layer of photonic waveguide 
circuitry can be positioned on the integrated device 10 so that the angled channel 
connects the underlying waveguide 15 with the new waveguide. This process can be 
repeated to optically connect as many vertically disposed layers of photonic circuitry as a 

15 particular application calls for. 

[00014] While the invention has been described in its preferred embodiment, it is 
to be understood that the words used are words of description rather than limitation and 
that changes may be made within the purview of the appended claims without departing 
2 0 from the true scope and spirit of the invention in its broader aspects. 
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